Purpose: To examine pre-and postoperative visual interference, subjective symptoms and visual acuity in patients undergoing epiretinal membrane (ERM) surgery. Methods: A retrospective observational case series comparing 239 eyes in 231 consecutive patients with idiopathic ERM in a selected catchment area from 2002 to 2009. Demography, visual acuity (VA), lens status and subjective symptoms were analysed before and after the operation. Patients, healthy enough to participate at least 2 years post surgery, answered a questionnaire about their subjective functional impairment before and after the ERM peeling. Visual disturbance was assessed on a visual analogue scale (VAS) ranging from 1 to 100 mm. Results: The preoperative VA for the eyes in the study was median 0.40 logMAR (logarithm of the minimum angle of resolution) (range À0.1 to 1.22) resulted in VA of 0.22 logMAR (range À0.1 to 1.1), which is a statistical significant difference (p À). Of 180 patients contacted, answers were received from 103 (57%). Subjective visual disturbance assessed on the VAS showed a median of 70 mm (range 0-100) before surgery compared to a subjective disturbance median 27 mm (range 0-98) postoperatively. The change preoperatively to postoperatively was mean À34 mm (SD 31), median À37 (range À96 to 37), p À. Patients with much disturbance at baseline measured by VAS experienced more subjective benefit of the operation measured by the distance between the mark on the VAS preoperatively and postoperatively, p À, Spearman correlation coefficient. Conclusion: Patients with considerable preoperative disturbance benefit more from an operation than those with less disturbance.
Introduction
The prevalence of epiretinal membrane (ERM) increases with advancing age with a racial difference in the prevalence (Mitchell et al. 1997; Fraser-Bell et al. 2003; Kawasaki et al. 2008) . Surgery for ERM, including pars plana vitrectomy (PPV) and peeling, has been common for more than 30 years (Michels 1979) . In our catchment area of 1.5 million people this would result in numerous new patients every year. However, even when a membrane is found the impact on visual acuity is limited and the risk of reduced visual comfort during an observation period is low (Fraser-Bell et al. 2003) . The increasing number of elderly people in our society, and hence patients with ERM, makes it necessary to define which patients benefit from ERM surgery and which do not. In the decision the patient needs to evaluate the visual impairment attributable to the ERM and the probability that this impairment will be resolved or reduced by peeling the ERM. This possible benefit should be weighed against the risk of complications of the surgery since the procedures have some rare but serious complications such as retinal detachment (Crafoord et al. 1997; Donati et al. 1998 ) and endophthalmitis (Scott et al. 2011) .
The principal indication for ERM surgery has during many years been decreased visual acuity (VA) with or without metamorphopsia (Michels 1979; Michels & Gilbert 1979) . In the review of the literature on predictive factors for postoperative VA by Scheerlinck et al. (2015) they found that the only consistently associated factor was preoperative VA and the severity of metamorphopsia was possibly associated with postoperative VA. Numerous studies have attempted to grade the metamorphopsia (Bouwens & Van Meurs 2003; Bouwens et al. 2008 ) by grading the area or degree of the metamorphopsia. Arndt et al. (2007) performed quantitative analyses of the degree of metamorphopsia preand postoperatively. They found no significant correlation between the change in VA and the preoperative area of distortion, but the decrease of the area of distortion correlated to the change in visual acuity. The impact on the patients' visual function and their subjective inconvenience has not been analysed.
An ERM interferes with visual comfort, and surgery aims to reduce this discomfort. Therefore, it is the patient's own judgement of the visual impairment that is important. Patients' subjective evaluations of the effect of the surgery have been analysed in studies using interviews (Scott et al. 1998 ) and questionnaires (Ghazi-Nouri et al. 2006; Okamoto et al. 2009 ); all of which found that the severity of metamorphopsia correlated to quality of life but not to VA. A common method for measuring subjective experience is the visual analogue scale (VAS) (Papas & Schultz 1997; Weed & McGhee 1998) . To our knowledge it has not been used in evaluating the subjective results of surgery for ERM.
The aim of this study was to use a VAS to compare subjective evaluations of visual disturbance and objective measures of VA before and after ERM surgery.
Patients and Methods
The Vitreoretinal Surgery Unit of the Department of Ophthalmology, Sahlgrenska University Hospital in M€ olndal, Sweden surgical clinic is a referral centre for vitreo retinal disorders serving 1.5 million people, living in the V€ astra G€ otaland region (southwestern part of Sweden). Referred patients have a preoperative appointment in the university hospital to have their eyes examined and to discuss the advantages and disadvantages of the operation. Surgery is performed on an inpatient or outpatient basis. Postoperative follow-up is scheduled at the convenience of the patients at the university hospital or at the county hospital nearest to the patient home.
The indication for surgery is visual disturbance such as metamorphopsia or decreased vision that could be explained by an ERM found at a clinical examination of the retina. Most patients were advised to accept surgery if they suffered from subjective binocular problems (i.e., if the eye with the ERM was disturbing the vision of the better eye). Indication for surgery was not limited by best-corrected visual acuity (BCVA). A three-port 20-or 23-gauge PPV was conducted by any of the five experienced posterior segment surgeons. If lens opacities were judged to interfere with the peeling of the ERM a combined PPV and cataract surgery was conducted. A noncontact wide-field viewing system (EIBOS) was used. Surgeons conducted a nearly complete vitrectomy and indentation to visualize possible pathologies (such as tears) in the retinal periphery; any such pathologies were treated when found. Staining was in many cases used as a tool to visualize the ERM and/or the inner limiting membrane (ILM). During the years different staining products were used including Membrane Blue, Brilliant Blue and Indocyanine Green. Peeling of the ERM and/or ILM was performed using an endgripping micro forceps. When scheduled, the lens surgery was performed as the first step of the full surgery.
The records of patients operated on for ERM between January 2002 and December 2009 were studied retrospectively. Only patients with idiopathic ERM were included in this study. Cases with secondary ERM (following treatment for retinal breaks or retinal detachment, diabetic retinopathy, venous occlusion, uveitis, trauma, etc.) or other known ocular pathologies that could interfere with the functional results were excluded from the study. All parts of the study adhered to the tenets of the Declaration of Helsinki and were approved by the local ethical committee.
During the 7-year study period 467 eyes met the inclusion criteria. We selected all cases living in the local catchment area of the university hospital and in the area of one of the referring county hospitals (Uddevalla Hospital), for whom we had access to medical records. This resulted in 231 patients (239 eyes). The digitalized medical records of these patients were analysed for pre-and postoperative symptoms, VA, and lens status as well as details from the surgery. Data were collected from all examinations up to the end of the study period in October 2012.
A questionnaire was sent to patients still alive at the time of the study, who had no known severe disease or other known reason that would make them unable to answer. The selected patients were sent a letter where the study design was explained together with the questionnaire. Patients operated in both eyes had information in the letter stressing that the questionnaire concerned the eye first operated. The patients that agreed to participate returned the signed informed consent together with the answered questionnaire.
They described their symptoms before and after the surgery and evaluated their visual disturbance on two visual analogue scales (VAS), one for before surgery and one for the postoperative situation. On these visual scales the extreme right position at 100 mm represented 'much disturbance' and the extreme left at 0 mm represented 'no disturbance' (Fig. 1) . 'Change in VAS' (CiVAS) represented the difference between each patient's preoperative and postoperative mark, measured in mm. Thus, if there was a decrease of the disturbance CiVAS was negative.
Patients were also asked whether they had undergone cataract surgery elsewhere after their latest visit to the hospital.
Statistical analysis
Visual acuities were noted in the files as decimal values but converted to the logarithm of the minimum angle of resolution (logMAR) for statistical analysis.
Descriptions of the eyes and symptoms were taken from the digitalized medical records from the preoperative visit to the eye clinic. The symptoms were categorized, retrospectively, in four major groups based on the patients dominant functional impairment: (i) metamorphopsia without pronounced effect on visual acuity, (ii) metamorphopsia with decreased visual acuity, (iii) visual loss/impairment with no metamorphopsia, and (iv) experience of diplopia.
Statistical analyses were performed by using SAS 9 (SAS Institute, Cary, NC, USA). For categorical variables number (n) and percentage (%) is presented. For continuous variables mean, standard deviation (SD) and/or median with range is presented. For comparison between groups Fisher's Exact test was used for dichotomous variables, Chi Square Exact test was used for non-ordered categorical variables and the Mann-Whitney U-test was used for continuous variables. For comparison within groups the Wilcoxon Signed Rank test was used. The Spearman rank correlation coefficient was used to analyse relationships between preoperative annoyance and CiVAS.
A p-value <0.05 was considered statistically significant. According to the author guidelines p < 0.0001 has been written p À.
Results
Patient demographics are presented in Table 1 . The median age of the patients at the time of surgery was 67 years (SD: 10.1), and 50.6% were women. Preoperative and final postoperative VA for each eye are compared in Fig. 2 . The change in VA between baseline and the postoperative followup (p À) is significant using the Wilcoxon Signed Rank test for comparison within groups. This despite the fact that in 50 eyes (22.2%) the VA deteriorated and in 34 eyes (15.1%) there was no change in VA.
According to the surgical report peeling of the ILM was done in 147 eyes (61.5%). The differences between pre-and postoperative VA are statistical significant in both the eyes with ILM peeled or not, p À for both groups. There was no statistical difference in the change in VA from pre-to postoperatively VA between the groups (p = 0.304).
Surgery changed from PPV using 20 gauge instruments to 23 gauge instruments during the study period. Postoperatively VA in the 102 eyes operated on with 23 gauge instruments was logMAR 0.31 compared to logMAR 0.35 in the 137 eyes operated with 20 gauge instruments which is no statistical difference. During the surgery 41 eyes were treated for peripheral retinal breaks and/or degeneration with no further complications. Retinal detachment developed in seven of the 239 eyes (2.9%) during the follow-up period (four in the eyes operated with 20 gauge instruments and three in the eyes operated with 23 gauge instruments). No case of postoperative endophthalmitis occurred during the study period.
Before surgery 62 eyes (25.9%) were pseudophakic, and 32 were subjected to a combined lens -ERM surgery. Lens surgery during the postoperative study period was conducted in 118 eyes (81.4%) of the 145 phakic eyes, 48 of which had lens surgery during the first postoperative year, and additional 31 during the second. Two patients developed cystic macula oedema after a secondary cataract extraction. There was statistical significance in improvement of VA at the end of the study in all the three groups regardless if they had their cataract surgery prior to ERM surgery, in the same operation or postoperatively, p À, but 6 month postoperatively the change in VA was not statistical significant in the group who had their lens operated postoperatively, p = 0.527, but in the other groups, p À.
Questionnaires were sent to 180 patients and returned by 103 representing 103 eyes, for a response rate of 57.2%. However, six of the returned questionnaires were incomplete. The pÀvalues in Table 1 comparing the patients that answered the questionnaire and all patients in the study prove that there were no statistical difference between the groups according to age, gender and pre-operative VA.
Moreover, there is no statistical difference between the patients that answered to those that did not, since even though there was only 43.7% men that answered p = 0.20. The VA median preoperatively was logMAR 0.4 [mean 0.430 (SD 0.245)] in the group that answered compared to logMAR 0.3 [mean 0.369 (SD 0.225)] in the group that did not answered whilst the postoperative VA was nearly similar (median 0.22 in both groups, mean 0.274/0.258). Thus, the VA in the patients that answered was lower preoperatively compared to the patient who did not answer and thus gained more in VA from the operation but the this difference is not statistically significant p = 0.0965.
The mean of the VAS for visual disturbance was 64.7 mm (SD 23.6), median 70 mm (range 0; 100 mm) preoperatively and 30.9 mm (SD 23.7), median 27 mm (range 0; 98 mm) postoperatively (Fig. 3) . Thirteen patients experienced deterioration in visual comfort. The mean CiVAS was 
À33.8 mm (SD:
30.8); median À37 mm, range: À96 to 37 mm; p À. The more preoperative disturbance the patient recorded on the VAS scale, the more was the CiVAS shown in Fig. 4 . The correlation was statistically significant tested with Spearman correlation coefficient (p À). There was no statistical difference in CiVAS between the patient that had got both the ERM and the ILM peeled or only the ERM.
The CiVAS was statistically significant (p À) for both the patients that were pseudophacic at the ERM surgery and the patients were the cataract was operated at a later state compared to the patients lens-operated at the time of the ERM surgery, for whom the CiVAS was not statistically significant, p = 0.079.
In Table 2 the patients are selected to different columns according to their preoperative main symptoms. The preand postoperative VA for the different symptom groups are presented as well as the pre-and postoperative disturbances measured by VASs. There was statistical difference in the annoyance measured by VAS if the patient preoperatively experienced metamorphopsia with or without decreased VA, p À, but not if they experienced only decreased VA, p = 0.0645 or diplopia, p = 0.250. The small group with preoperative diplopia had the most preoperative annoyance measured by the VASs but the reduction from the surgery was not enough to show statistical significance despite the CiVAS was the greatest for this group, Table 2 . Table 3 shows that patients with low VA (>0.8 logMAR) at baseline experienced less subjective benefit from the operation measured by CiVAS (median À9 mm), compared to the patients with good VA (<0.4 logMAR) (CiVAS median À41 mm) and intermediate VA (0.4-0.8 logMAR; CiVAS À41 mm; p = 0.044). The patients with preoperative intermediate VA showed statistical significant improvement of the VA, p À, as well as the patients with low preoperative VA, p = 0.0004 and the patients with good preoperative VA had weaker correlation, p = 0.0477.
In 108 of the questionnaires to the patients, of whom 66 participated, there was included a question asking whether the patient would have chosen to undergo the ERM operation had they known the results of surgery beforehand. Only six of the 64 patients (9.4%) who answered the question replied that they would not have chosen to undergo the ERM surgery and two were uncertain. The difference in VA (logMAR À0.141) between preoperative (mean logMAR 0.440) and postoperative VA (logMAR 0.301) was statistical significant in the patients, who had chosen (p À) to undergo ERM surgery as well as the CiVAS for these patients, p À. In the group that regretted or was in doubt, the difference in VA (logMAR 0.077) between preoperative (mean logMAR 0.500) and postoperative VA (logMAR 0.578) was not statistical significant, p = 0.438, resulting in a statistical significance between the groups, p = 0.0288. The preoperative annoyance measured by the VAS showed no statistical difference between the groups, p = 0.609, but the difference in postoperative annoyance measured by VAS was statistical significant, p = 0.0018 as was the CiVAS, p = 0.0049.
Discussion
The aim of this study was to quantify the patients 0 symptoms and correlate them with prognostic factors, functional impairment, and pre-and postoperative BCVA. The presence of an ERM does not per se qualify the patient for surgery, since the membrane sometimes does not interfere with the quality of vision. VASs have been used to assess subjective responses for over 80 years (McCormack et al. 1988; Papas & Schultz 1997) , and they have both advantages and disadvantages. However, they are thought to be no weaker than other comparable psychological measures and they offer both ease of use for the patient and finely graduated responses. The selection of VAS as a tool to study the result of peeling ERM was chosen after scrutinizing numerous studies for advises to select patients for surgery but as in the review of Scheerlinck et al. (2015) we found no preoperative factors that could predict the subjective outcome from the surgery. Numerous studies have attempted to evaluate the results of surgery merely by assessing the difference in visual acuity (Crafoord et al. 1997; Donati et al. 1998; Bouwens & Van Meurs 2003) . Metamorphopsial measurement has also been used to evaluate the results of removing the ERM. Donati et al. (1998) evaluated the difference between patients' self-reported symptoms and results simply as relief or decrease of metamorphopsia. Metamorphopsia can also be evaluated using a standard Amsler Chart on which the patient marks the area of distortion (GhaziNouri et al. 2006) , or with variations of the test using Amsler grids such as the Sinus Amsler Charts to assess the degree of metamorphopsia (Bouwens & Van Meurs 2003) . In the review of predictive factors for postoperative VA by Scheerlinck et al. (2015) they found that the currently available parameters are not enough to predict the outcome of the surgery and asked for more parameters. In our first study design we included evaluation of metamorphopsia with Amsler Charts and instructed the patients to draw their metamorphopsia, but we soon discovered, as had other researchers (Bouwens & Van Meurs 2003) , that it is difficult to use Amsler Charts for measurement and follow-up. Arndt et al. (2007) evaluated metamorphopsia with a laser grid generated by a scanning laser ophthalmoscope (SLO) and showed it to be a reliable method for evaluating the area of distortion. However, only 56% of their patients, who were all judged to have significant visual symptoms of the ERM, could detect metamorphopsia preoperatively with an SLO-generated grid. They found no significant correlation between VA and the area of metamorphopsia, nor was it found to be a prognostic factor for postoperative visual outcome. We also found it impossible to use the duration of symptoms as a prognostic factor since the exact onset of the ERM is difficult to establish, especially if patients have good BCVA.
The questionnaires were sent to the patients, who could choose whether or not to respond. No differences between the responders and non-responders could be identified with regard to age, pre-and postoperative BCVA, or mode of treatment. Thus, we could not find any difference between non-responders and responders as had Bouwens et al. (2008) , who concluded that nonresponders had inferior benefit from the operation than responders. In our study 88% of the patients indicated that they would choose surgery again if they knew the result beforehand, compared with 70% in the study of Bouwens et al. (2008) .
The main limitation of our study is its retrospective nature. Sometimes there was lack of information in the files, and the visual tests used were not standardized. In the evaluations given by patients on the VASs, it could be considered a disadvantage to the analysis to rely on their memory of their preoperative visual problems. However, it may be that they can accurately evaluate their pre-and postoperative experiences through comparison.
In general, ERM peeling is beneficial in a large majority of patients in terms both of VA and subjective functional impairment (Arndt et al. 2007 ). However, despite effective removal of the membrane, the functional results in most cases remain only moderately satisfactory (Bouwens et al. 2008) . In the present study, there was a wide variation in VA preoperatively since there were no restrictions concerning low or high vision, in qualifying patients for surgery. The demography of our patients corresponds well to other studies (Donati et al. 1998) , as do the result measured by BCVA (Donati et al. 1998; Bouwens et al. 2008; Cappello et al. 2009 ).
The most feared complication is retinal detachment, which developed in 3% in the present study, 14% in the study by Donati et al. (1998) and 11% in that by Crafoord et al. (1997) . However, the most frequently reported complication of ERM is cataract progression, which often requires surgical extraction within 2 years (in our study the average was about 19 months) after the vitrectomy. Thus, the VA results might be influenced by the cataract development and sometimes follow-up shows better BCVA over time when cataract surgery has been performed (Donati et al. 1998 ). In our study, patients who had been lens-operated at the same time as the peeling showed less benefit from the operation measured by the VAS despite the faster recovery of VA compared to in many times an inferior VA in those who developed cataracts after surgery and are were operated at a later time. In addition, there was no difference in late BCVA between patients who had been operated on for cataracts before or at the same time as the ERM peeling and those operated on as a secondary procedure. However, combined surgery allows a shorter postoperative recovery time to achieve maximum final VA and a better view of the retina during and after surgery (Dugas et al. 2010) . Having the procedures performed by the same surgeon in the same operation is also more cost-effective. Currently ERM peeling combined with cataract surgery is more common (Bovey et al. 2004) . Much preoperatively visual disturbance, measured with VAS, due to metamorphopsia was the strongest positive correlate of increased comfort from the surgery. Thus, VAS can be used as one tool to evaluate the disturbance from the ERM. If the patient has to assess the disturbance in the VAS it illustrates both to the patient and the surgeon the subjective impact of the ERM experienced by the patient. Together with other tools to evaluate the status of the ERM and the retina, the VAS can add information and help to select patients to surgery.
In conclusion, the surgical removal of the ERM is an effective method to reduce metamorphopsia and improve BCVA. This study using VAS to evaluate the benefits of the surgery indicates that a greater preoperative impact of the membrane result in the subjective judgement that the operation was of great value. 
